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(54) MOTOR CONTROLLER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce higher harmonic current 
flowing to an AC motor. 

SOLUTION: This motor controller is equipped with fundamental 
wave current control circuits 1-5 and 8, which control the 
fundamental wave components of motor currents iu, iv, and iw 
with a dq-coordinate system consisting of a d axis, 
corresponding to the excitation current components of the 
currents iu, iv, and iw flowing to a three-phase AC motor M and a 
q-axis, corresponding to torque current components and rotating 
synchronously with motor s rotation, and higher harmonic current 
control circuits 8-12 which control the higher harmonic 
components contained in the motor currents iu, iv, and iw with an 
orthogonal coordinate system (higher harmonic coordinate 
system) rotating at a frequency which is integral times that of 
the frequency of the fundamental wave components of the motor 
currents iu, iv, and iw; and this generates the voltage command 
value vu, w, and vw of each phase of a three-phase AC 
coordinate system, by adding up the outputs of the fundamental 
wave current control circuits 1-5 and 8 and the outputs of the 

higher harmonic current control circuits 8-12, and controls the drive of the three-phase motor M. 
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»3toa*5e«»©jaaaa>«»fta>Hift»-eEi 
sa^^is^. 10 

lcmX*9K£ffiiip-r « Z t £f#&£^-&^E-$ MIPS 

im&msi gs*«2icEtta>^E-*«n»SKicfci^ 
mEftn&*9k«ff[giHHi« ^— ^mat**— *o>xt- 

CCD of i3 JSffiRCDVaEOmRXa^^ttU LTlfrESilli 

[it*^6] n*mi~5<Di*-r*ifr<DmiziBm(D*— 

I»EBI9*a^»JWlHl!»lcfcIt4«J{Ba&<DSillift*a 
[»*3S7] IS*«3lcEao^— 5r*]ffl3£1Wzfcl* 

MEiSi@»m5S©j®iH]Kf*. d q mmm<omstm^m\z 



d qffia^o>aatfiiA^&«rE«3aj6*flt^ai3»-e^a 
So 

am ■»« ax. -5) c: t £ -r « ^-^ mapsc 

tt»**9] IR** 5 l=EttOH&— 4flM»S1tfz£li 

flreraxttSMmiiBiBH:, a 0 K«3*a>«3tti««i:: 

a i9ffi«SO*attA^6OTE«aiC»tt^aiaB-C^iH 

So 

[R*3S1 O] R^T-QCDL^-r^CD^IzEKOD^ 

«rE«3WB*tt^aiatti*. p— /*x ■ :7*rju*-e&£ 

[muni 1] k*«i oizE«a>*-*«i»aa»cfc 
it-r * c i cm^b-r * c t * »« t -r * ©1® 

[»*« 1 2] i»*JS 1-11 (DL^+L^<D^ICE®<D 

«a<D^a<©siBK«^ic»jc-r4iaaffla>«rE«Ha 

So 

n***i 3] n*ai 2icEK05^-^*jffli3saicj3 
«nexiRiK«x«ffiiiKic£it«MMMaoam2ftAa 

mna>mi4:iBm 
[0001] 

[*BHo>iB-r *^B^f*^E-^®jfflisai3ii 

[0 0 0 2] 

3 1 8 8 5#^«#M) c mz 51*. C6*a>3ffi363t* 
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T. 3«X9K*9Ett«XtftLfe1t9K«3k1lt$ffit^T*3K 
[0 0 0 3] £^-£1*. >]^<b<!:ig3»^b<Dfc& 

£ c ccDJ^&n— $ — SS^S^— £1* I PM (Inte 10 
rior Permanent-magnet Motor) b&PlttiTl^&o 

[0 0 04] 

fc**#I PM^E— *I4. S^mi@iR^#l^<tl^ : 5« 

its^rr&^E-^ii. lasfcyooxp-y h«36^*i^ 20 

[OO 0 5] 0 81*. P — £ — (D«H*<»5^Sfcb*lT 

wmssw-rs 1 PM^E-$T?te % p—* conjaic>^ 

[0 0 0 6] *<D&fimm&tf*:2<tj:$>k. 
[0007] *»M<DBtt(*. SSS^E— «fc9ktt«MI 

« z t ic& 40 

[0 0 0 8] 

[BH£»3rt-*fctt<D^»] (1) SI^OSKDUffi 
d$i<t h;u^«afiK»lcStj6-r*qWi:^&3S:y % ^E— 

^[sifsicfsi^LriHite-r^d qgtuK-e^— *mss i 

S&1-5, 8<h. ^E— i U. i v. iw<Dg*2£j£ 50 



iB»*»sw!ap-rsKBia«aEis]ffliiHi»8'- 1 2££{g 
a. »*as«3K*JwiHiKi —5. 8<Duat]BmasesE 

#*S<D^EE$t^ffivu. vv, vw££f£L. 3ffi£SS^E 
— ^M*ttM*JfB-r*ztlcJ:y % iEB»*3tfiR"T 

(2) M*^2(D : E— Sr*J»3Slltt % KHXffi«3*£S 
88- 1 2|z£oT. ^E— ^m5S i u. iv, iwlC^S 

(3) »*«3(D^— **jw««(4 % nn&vsKMftiii) 

KJ8~ 1 2IZefcoTT. ^E — £H3S i U. i v. iw^dq 
ffiS^OmSSid. i qlcSMftU CCOd qffiffSOVSR 
i d. i q^Jgii^jS^^^ffi LTKHsRJS«l9R(DKnX 

(4) *wa>SB2a)i8Jfia)»tta)«ija**-rH2fz»i6 

mw&mt* mm&nsitmmm&a, 9, n, 21, 

22IZ^oT. ^E— ^m^l i u % iv. i W(7>^iSi6jS» 

(5) *wo>*3(DSijiEa)»ffla)«rts*-ria3rc»jt: 
©jffl^Mf*. Kn2e«aEwwia]K9, 11. 33, 3 

5, 3 6»Z<fcoT. ^E— $M%t i u. i V, iw^^E— $ 

(6) m^me<D=E— $®m&w.\t. mm^m^imm^i 

I^CT«jy^^J:5lcLtcta)T*fe^o 

(7) %n<DSK5(DXt&(o»iB(DiiA$^-ria9icMje 
*M»36«f=tet^r. Kn%«3K«nii5ie8 f 10, 1 

1. 12. 5 0(4. d qffiS^mSSti^flt i d*. iq* 

^;U[s3K5 0<t. d q ffiSS<DSgEffl i d. iq^6«att 
/£gffl^;iq@^5 0^^;lll$+Ltcm3SJ£gfil i d_i. i q 
_i £$&WLT7SiM&M%i i d_h. i cuh^ ^aj"T^SlS^ 

mzssiaii5]^5 o $<s^^o 

(8) mBMomeomt&commo^mf&^-tm 1 sf^^r 

— **jan$«i=j3t^T. ssmaaaMwisitt8. 11. 

21. 22, 50B, 5414. ^E— ^mSStli^fll iu*. 
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3. 34, 35, 36. 50D, 5 5li. ar0g£&^0> 

W3K*B*tt i or*, i 0*lcJM-SS3tEJ6»tt ia_i, i 

mss i <*_h, i /5 jisaast"*SEBa«3iEttaisitt5 o 

(10) IS*«1 0(D3M8IS\ H*3S7- goivftifr 

(11) W5R3S1 OCD^E— ^*J(ffl 

asaicjst^T. ■ ^n^cos^ai*. =e— * 
a>*BMtfls-r s c t icm^»t-r * c: t t 

^>o 

(1 2) 2 4>ftHI*. »3M11 ~1 1 <D^E-* 

*ftaco]KBIie«9IE«|ffS]K«fl|7L«. 

(13) B*4(1 3a>»Pjl* % W*3S1 2<D^E— ^ftJfcP 

[0009] fcss. -hERH*»a-r*fctoa>*aa>a 

[00 10] 

[^B^ossm] ( 1 ) m&ra 1 <D«9irc<fc*itf % 

I PMt- ^OSSS^E— SfcSJLT. ^ — £ 

(2) l»«a2CD9IWII=J:*ttf. ±aLfcB*9l OSS 

(3) B*ff3CD»Hf=«»:*U2« ^E— *m35£d qffiS 



(4) »*a4 0)*BBIzJ:*Ltf % S^X«9t»]»IslB 

^e— *«34a>jsiB5ftfiK#sausL. siiiasja»3E><SEia« 

matJi^rfil (=o) t-a-r*<fc5fc^-r— K/^^*J 

(5) ffi3R«5<D5^lc<Mxl£ % 3 fflX35ffi«^-CS35 

10 wf»si«sfT3»dicjtb-<Taiit*A<^3S:< 

-So 

(7) »3Ra7-9<D*ffl|ZJ:*Lli % S*«SaS^fc 

(8) sff#JSl 1 <D*BBfzJ:mi. *a>ttffllcj:y 

o) n^ni 2-1 3coig58iccktLtf. ^e— 

[0 0 1 1 ] 

30 «tim7n7^itft«. =E—*»mmm*. 3iax 
y. h^wafiE^*^— $<b\hf} h;u^fci±^j-r^ 0 

[0012] Ji^Lfc^s^T^fc^ic. miomso) 

40 »B0)%— S**S3SE*Jffll|Hli»tSMa 

as i u. i v. i wrc**ti*jftBafiR»**jfBi-r*stt 



( 5 ) 



^^2002-223600 



Ba>BBfia>B&a^*BiET*KaE?K'e&*. • 

[oo i 3] £*BB9Mft|g]Btt» hiu^MWffln . 

Slz^-rfitafcO)^— **JfflS«0)«ai:^l«-Cfc*o h 
eilc£-3lvc\ B^JMMBt-— :?JU*fl!l*-C\ Iffil 10 

♦fit i d*. i q*l£. a»X«9KMM2lcS&4i«.' 

[ o o 1 4 ] ( d q $&m%t%msn 2 

I*. d»i:q«a)SIBSSEid. iq*-t*i-rtt«ai«*«[ 
id*, i q*fz-&$i±£*:tf>lz % dtt£q*k4)K;*:&« 
EJt^flvd*. vq*£;Hg!-r£ 0 d q/3ffiX&fflJ3 

f*. 3 blfcdq ffittStttttil 0 el:S 

-3lv{\ d tA t q *fca>Bffift*ffl[ (vd*+vd' ) . (v 
q*+vq) £ 3 *B3£3K?IIEIi<fHi v u*. w*. vw*fzX 20 
&*T* 0 dt*. qfS<Z>mJE*§iHS (vd*+vd t ) . (v 
q*+vq) Izoivc !*«**-*. XMlLfc3 4l£SlE*EE 
ft«fltvu* % w* % vw*f*. «ASHft«4l;:ai&*L*o 

-r* 0 

[0 0 15] ^PSIi3tg£3^E-*Mfz5I$S 

fEfiS0mli. ttffiBSBJ|:«5lcai&*i*o iiffiSg 
emlzS^r^E— $M<0[H]|SSJ£cdei 3fBSSKdE*S 

^&ftfcdqffi«*a>&«0esaij(:-r« o mss-tr>-9- 

6, 7 It. SfflSat^— ' £MCDU*g<t Vffi^HmSiE i 
u. i vS-^ti^+i^tli-r^o «ltt5LycU*sm3iEiui: v?a 

SSKivli. 3*S/d qffi^aJ8(Zi^t)H^o 3ffl/dq 
^&Sfl8l*. 3ffiSE3SEffiS^&a/=d qffiffl^CDfiffi 
0 e(zg-5l\T 3 *S£3S^E— * M(7) HmSS iu, i v. i w 
(=- i u- i v) £ dfStDHlISS i d<t q$ft(DH®3S i q 40 

[0 0 1 6] KHX«aKm«iBB». 3*a/d q^&SP 

8. /vf/<X • -?4Jl>$ 9. d q/dhqh^&gfl 1 O. 

snssasKiHnitt 1 ifc^i/dhqh/d q &&fln 2^ 

S«ffl-r*. dq/dhqh^ail 01*. 2:55 LfcX* 

is-r&iss&s^ (xhx&bs) dhqh£*u d$s 50 



mjfk d h q h(DHm3S i dh. i qhirK»-T d q 
fr*M.tcdhcihmm%k<DitLtt$:6eht'?Z>£. dhqhj^ 

m&<Dmn%t \ dh. i qhi*** ( 1 ) \z& y *«>&*i 

'©0 

[a 13 

Udh\ f cos ftA sin ftftTWl _ ^ 

[iqh] [- sin 6lsA cos 6^/iJ{_i^J 

[001 7] smiftms5*fnsg0 1 1 1*, ^e— smss i 

u. i v. i wfc#**t*BfH»fiK»(Drta)±lBBr3e*a 
OiSUI S O £ fc: * ck 5 1= AH&S3iE £ *Jffl»-T * . 

*<Dtz#>. Tims&mftimvm (dhqhiam^ftj£ps&) i 

1 It. dh$&t qhfACDHSSE i dh. i qh£ -ttt-PtiBSlt 
ffi^il i dh*=0, i qh*=0|z— &$1J-^fca6(Odhl4 
<t q hlicDiSlSamEEJi^il v dh*. v qh*£;Hm-r *o 
dhdq/d qg&gfll 21*. dh<fttqhttl(DiSS3iRBff 
fl^filvdh*. vqh*^*+l-Ftl. dttt qWOOBSaaftS 
l±m^^lvd , % vq' fzSt«-r* 0 CCD^Sf*^ (1) 
t»<D*»*ff*tf«fcl\, fM(OlE^I v d' . 

vq' li. Jpg^i 3, 1 4ica&ti« 0 Jng:si 3, 

^•fSvd*. vq*tJKHa«a*J»BI»r4**ttfcJSBI 
i^mJEfg^fil v d\ vq't S AP^: L . SNKift d »1E 
»*flt (vd*+vd') <tqlSmEEti^ffl (vq*+vq ) 

[ o o i 8 ] hi rc^-rm i (Dmmotemo)^— * nm 

^SA^t). /\-T/^X ■ ~P<<)\,$ 9. dq/dhqhX^fiP 
1 O. iSiSj6m55*JffilgP 1 1 % dhqh/dq^^l 2 
fccfctfanggSl 3. 1 4?»< i:. 02 5fZ^-Tfi£*<7> 

f^^Lrisi$E-r^d qttws-c^B— *«si[**j»-r*« 
(D^wsH»i3jeH^*siaiKmaECDjs3ia*«*T-Hi 

[00 19] C(7)Fp1HlCOlxTi$L<ittB^"r^o dqtt 

— d qBff%fzfe(t«Knafi«3k(DAn%aaj 

eh_dql*. *»««3IE<DftH56a*£ueht L. ^E-^m 

sitcoai^ftBaascuei-rst. (2) -eajti 

[a 2] cueh_dq= cueh— cue ■•■ (2) 

a* (2) fr^w^frte&^iz^ =E—$n%i<Dmmfcj£ft 

ltd q^a^•CtIt3Sa[^n^:t>^i:L^o Z.<Dtz#>. ^E — ^ 

a>isiiEiSs*<S5< jSo-c^e— *m3Sa>B»ajWK < ft* 
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ft < ft<5> 0 

[0 0 2 0] Ji3$L/cPp1H^P^-r^fc«)^. miCDH 

mmcomm v it k xmm&titi* & gMt 4 1, a> <t *■ 4 . 10 

[0021] 3fi/d qSE«»8^e>ffl**tL«cH(j|t 

dq/dhq hSEttffi 1 O \* % mn%L i d. i qlz^Hx^ 
k*JSBia[fiR»*. fit§ (0e_h-0e) T*[n]$E-r£> d h 
qhBHX£ff%<DM% i dh« i qhl::aHft-r*o fc*£ 

5Sidh. iqhli. ESSg^ft^o Lfc*<o"C. dhqh& 

(=0) iz»-r*itatti**#<a#**t«o ceo 

[0022] tt*o>^— **JW3S«Sffli^r. SMffiH 

u««a»«ttic»-r*u««3K0)Sft»*H5ic*-r o 30 

[0 0 2 3] CCDJ:?!^ 11 <Dnil&<D1&miZte\+2>^: 
[0 0 2 4] ftfc\ ±S6Lfc*1 COllJfiCDJ&fflO!)^— 5r 



[o o 2 5] ji^Ltmi a>fttto>»iST*rL d q f4<D 
^mssid. iq*^&**arit»i:jnsiiftrit»tsaus-r 

4«£*Lfc 0 d q|fi-Cf4S*^»f4SSSEfi<tfty % 

[0 0 2 6] Ji^Lfclgl (OSIlfiCDJ^ffi-ei*. nnsffi 
5KfiK»a>ffl»»^iate-r*ItSffi«Selhqhi: Lfc«£ 

[0027] (12 <DHt&0>»ffi> ±5E L/tm 1 
<D^ffi"ei*. S*&#0)d q»k»ff»*fflvd** vq*£ 
d q WWEfMHt v d\ vq <t£ ADULTS 
»M£d q*fc«E»«fil (vd*+vd') % (vq*+v 
q) d q/3««»C«ky 3fflfEfi^lvU 

w* £ xnx^o!) 3 fisssmff vu\ v v\ v *• t 

(vu*+vu) . (w*+w') % (vw*+vw' ) 

[0028] E2f*. maco^lteco^ffia)^— 5r*Jt»g 

[00 2 9] KH»«SSMWBttlzfcL*T. ■ 
^ >r 9 Ji 3 ffiSaE^E— ^ MOHmsS i u. i viz p -r 

;u^«ia$jfiLrBis*iaE»*aaj-r4o 3«/dhqh 
i u. i v(onnxft^£Anxje«R %.d h q h(7>nm5S 

/rdhqhJSe^(Deffi$-0ehsi:-r4i:. dhqhffi^ 
OHmSSidh. i qhf**SC (3) lc<fcy«A&tt4. 
[»3] 
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liqh] l-si 



cos dehs sin Oehs 
smdehs cos Behs 



[O030] dhqh/3*a^&aJ2 21*. igBjSSiftfr] 
ftPSM 1 ^t>SI^+LT^fcdhaia)miE*&^favdh*. q 

vu' . w\ vw' ic^-r^o C<D^&I*5£ (3) <ti£ 

oU&Zfix.lS&i^o »n««i 3, i 41*. 

L.-««Mft3fiSE3lE«ff}&«ffl (vu*+vu') . (v 
v*+vv) . (vw*+vw' ) $:%Z)o 

[0 0 3 2] <ft3<D3g%G)J&ffi) ±iLfcIl CD-H 

mm&mmxiZs a & mmJkiz^xmKm^m^m 

[0 0 3 3] Jii£L*i3ffl£ffi©g^l*. t-$0Xf 
— lcBS**tfc»Jhffi«3R-efty. 1 2 Ogf of 

%kx&z>o -mz\* % atb£ 3ft3t%mm&<Du«ittsi 
-itL^zt^xaemmjik&WLtt&o z:<Daemm& 

TM*. 3ffiS3S^^<D3O(7)%|Sa^iaS^-i)2O0 

/--ft i ontfi(o^(7) d qffi^oia^^^fspcfiic 

[0 0 3 4] SSttftSCDggJScDff^CD^— SftJifcJgS 
LTI*|s]-0)#-5§-£tt LTiftB^ £^BTr £ <t £ 

wia»i*. hi ic^a*aags«wia»rcsjLT. d 

q/ae&Wm3 1 <tar0/3*§^&a5 3 2#Sfr7clzjD 
fry. 3*g/d qg£&^8l~m3oT3*g/a0£&a$ 
3 3±aP/d q^»8P3 4*m^;»X<5o 
[0 0 3 5] d q/a£^&$i53 1 I*. K^3t«3t»J» 
aJ2X?;H^*^frd q fg^fl v d*. vq*£ 



sin 6b 



sinf 6k + — 1 si 
cos ft + — cos 6fe 



(3) 



/3ffl^a53 2fi. aa-r*«nw<j:criStt«ffi»« 

fit (vff*+va') . (vjSHvjS') £3*emGE*§^ 
Ivu*. w*. vw*Cl^&^~& 0 3ffl/ or 0^&S|53 3 
10 I*. **»«3ttf4ffl©elz*-^l%r3fiXSlE^E— *MC0 
IlltSft i u. i v. i w (=— i u— i v) £ a PittCDMW 
SSiar. i Plz&&?Z>o a 0/d qX8MB3 41*. a 
£ttO)£V3h i or. i B £ d q U<DHV3E i d. i qlc^ 

[o o 3 e] ft3<oseiKa)^na)xniK«3t«ijffiisi»'e 

I*. @ 1 t=^ftflX*SKttffll[slKa) dq/dhq hXMl 
fflM 0£ dhqh/d qXglflSl 2(Dft3bU ajS/d 
hqhS«SP3 5t dhqh/a0S»SU3 6 tffrfc-ehJH 

20 [003 7] • :7^;u*9l*. a^ttooHSSSi 

£ 0 «fflLfcKB»J*#l±.- or 0/dhqh*lft»3 5 Iz 
aH^>*i^o a 0 / d h q h**ffl 3 51*. Iftfls&ffiffiSd 
hqh£*TL. allMISKia* i iai*B&Jft#£ftfl 
&ffifiR%dhq-ha>£«3E i dh. i qhlcSMft-T*. ABX 

i u. i v. i w£»JWLfc«^lc*£-r*m 

-So dhqh/ar0^»a53 61*. ]ftHX*3K*J«lftS 1 1 
30 ^t>3flb>ttr^fcdhfit q htta>XH&W3E»^fit v dh 

[0 0 3 8] AnS:§gi 3, 1 4i*. S*^m3S*JfflilHlS& 

iBiKmS?[*Jt9[H]K-e>1l^: Lfc or 0 ttBifliftSttffi^ffl v 
ar\ v)8'i:*»lSL. S«M«:cr 0Ht*E««tt -( v 
^va*) . (v/5*+ v 0') ^f#^> 0 
[0 0 3 9] SfSW^coriSttaKm^fil (var*+v 
cr') . (*. cri8/3ttK«l«3 2lz 

40 <t y 3te3E3smffJS^fltvu*. w*. vw*fc^^$tt 

[oo4o] ft3a>niiia>^na>^E— i $tffltti3£S£m* 
fc<t^a>^B— *«aias»(*. H6iz^-raj^i:[5(sig« 

>&:^A<l#h>+t*c -r<ct?%. ft i (OUSfio^ffia)*— 

[004 1 ] <ft4(DHtS<D^ffi> ±^Ltcftl -ft 3 

50 (D^sg(D^T?i*i>-rttt. ^e— $n3t\z<£3z*i&m— 
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tic. m^gi-ea-ro ^4(z>sijfia>^ffia>3i*asffiaffi*j 
«a*j»HBa)«fiKtHi:rfc* 0 10 

[0 0 4 3] S 1 OHJfiCD^fiCD^— Aft 

CD 5 1 OO^P;Km5S^Jffll[B3Kfi. 3fl/dqJ» 
§&8. /W/te ■ ^>r;U^ 9, d qXdhl qht^^aJl 
OA. nflXSSHMfflW 1 1 J3*tf dhlqhl/d qJCSl 

351 2 A^t>it^$ti^ 0 t-5 1 oa>maft«9tiHtBsi 

q / d h2 q h2^&Si5 1 O B . KnS«SK»J»lff 1 1 J: 20 

l/dh1qM/d q^SSPl 2B^t>tt«$tt^> 0 
[0044] d q/dhl qhlKMlffl OAi d q/dh2 
qh2^&gfl1 OB(4. HI 1 fC^-Td qXdhqh^g[5l 

0<bl^tia)i(Z>-t?fc£o L**U d q/dh1 qhm&as 

lOAit d Q&comm^t i <k i qa>xnsfta»$. ^ 

— i £ mS5<7)m 5 *SSBIiSj«»a)fiffi (0eh1-0e) \zm 
^LTEte-r^iSSaS^ (KHiSJSffiR) dhlqhiCD 
XVKidhK i qh1lc^-r^>t0)-e$,^o *fc. dq 
/ d h2 q h2& JUSM OBIt d qSa(D|gm;ffi i d. iqO 

(0eh2-0e) rzRI»!LTEHB-r*ltt«*a3R GSH& 
m®M) d h2 q h2a>Hfl3£ i dh2. i qh2(z Jt»"T« t CO 

[0045] dhlqhl/d q^&SPl 2At dh2qh2/ 
d q^JfefflJl 2BI4. H 1 (C^-Tdhqh/d q Xjftffi 1 

2<L^4§<D£a)-efc&o LA N L* d hi qh1/ d q £&«B 
l2Alt dh1M&qh1«0)ffnaK«E}B«fl[vdh1^ 
vqh1*^d|4i:q|ft(D^ia^matg^fllvdr % vql' 
l3^-r^t,0>r*fc^o ^/c, dh2qh2/d q£&gpi 
2BI4. dh2$4<tqh2liCDiSia;*RmiEti^flvdh2*. v 40 
qh2*$d«i:qtt<7)SlHaSaff*B*ffivd2' . vg2' IZ 

[0046] AnSSg 13, 141*. tt^S«SKIH»[BlK 
"CiSS Ltzd q tt&ttXWEffi^ffi v d*. v q*<h . $5 
%KfH&S3KlMttlS&T?;1ta: Lf- d q ttXH&VEffi'fr 

ffivdi\ vqr i % «7*»nattaE»j»sBT?ai»:L 

fcdq itmEmi v d2\ v q2' t £jD * L , g 

$1 d q SfimEm^fiS (vd*+ vdV + vd2') . (v 
q*+vqr + vq2') 
[00 4 7] fi»M*dqf4lEfl^l (vd*+vdr 50 



+ vd2') . (vq*+ vql' + vq2') li. dq/3M 
. ^SiJ3fZj: y 3 t§3£3OTffift<frffi v u*. w*. vw*|z^ 

[0 0 4 8] »4(DSIlfi(D»fiO!)^— $HMffl»«lC«fc*l 

±3Lfcmi ~m3<Dmm<DMm<D=E— ^mse 
«fey**6i^--*«8iticd*tL*»iiaja» % 4$izig 
5 &t m 7 ttm> t l fcBn«ja»*««-r * ^ t & 

[0 0 4 9] ftfc\ ft4<DHtt<D»ffi0'E— $M»£B 

-ei*. Si <DSUfio>^ffi<D^E— ^*J«isaa>5Sls»$ij(9 

»JP«{S(DSil«*JffllIfil»*2<afflx*«^t^*Ci: 
ti?*4..Sfc, m4(DH!ficD^||-efi. =E— ^ffiSSlc 

»3&<^i^(D^?. «5%ffnieA»&]ft7«xBijftA«$ 
a) 5 % # * *lt 1 ^ * asn a j«» *< ^ l s juw-*iii 
3oajto)amart»s«*-r«ctt,^**. - 

[0 0 5 0] (« 5 <DHJfi<D^IS> @9(t m50>IIJ£ 

o>mmo>=E— *Mm&w:<Dmi£&7jki-mx*ibz> 0 ftfc\ 
Lrmwt4fi8-#-*ttt,fc % m}aHr*a^-o »*as 

9lt»JIBlHlBlc-DL\ri4H 1 1-^^S 1 ^HSfiO^^t iq 

[0051] mso>mi&<Df&m<o i E— ^©j»isaA<, h 
gp5 0-cfc^ o ^-«:^)*>. mi o>iij£a>fl^(7)^— 

5 or*, d qfficamaffiJi^fS i d*. i q*f::*f-r£m3SJ£ 
*flt*T5BJ Ltzn%t&&m£ 3 ffl/ d q XKflS 

8t?S»Lfcd qfftmSS i d, i qitffll^td q^mSS 
i d. i qa>SEH»Jifc#S«fcli'r*o ^<D*a*H 1 O ^ 

[0 0 5 2] H10I4. igBaS3S^{±5SiJ5 O&mtfLZ: 
Tjz-t-JnvZmxfo&o VSiEKS^aiffi 5 1 14. dqM 
(7)m3Sfi^fit i d*. i q*fctt-r£®2fcJ£^;igte i d^ 

i. i(Li &&Jrt-&fcmM8LG (s) $*t4« 

aaa[*JW»2'efT3WS!t*J!Bi$ft|iLliP I famizxfr 
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Si 1 f^lT^dfc. eiSSG (s) 
CO d — /^x - 37-f;u* 5 1 aTrg|Jl-r^)Ci:^-C^^o 

C0>*§£\ P— /\°X • 37 5 1 aO)B#S»te % 

[0053] «sKe«?aitt 5iicd q mom^^m 

i d*. i q*JA*L, — /<*Z?*Ji,$ 51a? 

id_i, iCLi^taSS52, 53lzffi*-f^>o 
MSSf 5 2 d SK&HmSS i dfr & d W<D«3!EJ6S^ 
Mil idiSJtCt, dN«3K<DXH2Kj£ft i d_h£# 10 

# i q_h£3Rtf>£ 0 fcfc\ d qtt0>m3SttM*tt id*, i q 
[OO 5 4] Si IZ^Vvf/<X - 37«<;U£ 9£/Bl^t 

d qttm^oaiaam»^«ui^*«^. s*««35^ 20 

*B»a»3WHoT*ffl*ti*t. *AX8ttf4fc2£& 
4t&3 4B£3fEVEjt^'ffi vu*. vv* % vw*lci^^#£ 

^b-r^B#r*tiSi@;^Jfi» i d_h, i q_hf*S*iKmsS<DX 
<b#S«t?Clt(*3B:^ 0 dqWK&«3K}|«fi 
id*, i q**<Xft;-r « <!: msU&S^aHR i d_ i . i <l i 30 

ti»b-r*o>"C. X](&5 2, 5 3 -c«aus*^ 
3J<D2Mb#(*#£*i&l*o 

[0 0 5 5] Si 3~S1 7£ffllvt\ SKKDSIJfiO^ 

ffi tf>^— £ MMB1K€All*T 2/ 5 a. U— : > a fro tz 

ss-r^o Bi3it dwsssjg^fflt q wissa»*<iia) 
ttmsE<b**-riarft* 0 suit si 3ic^-rmss 
»*teics*L-c\ mi (DSQScwBfflizfcits^E— 40 

Siiffflt^ q tt<DKna&*Sk£tttil Lfc <t 

fc£o *Slfi(DX^r— JW** -6 0 [A] —150 [A] 

■efe^o Si 4^e>^e>^ftckdfc. &tfj£;KtcqS&(& 

[OO 5 6] Si 51*. HI 3(C^-rmS5fi^fl|[C^L 

qficDiSisiKmss^sajLyit^cDS^-cfe^o ««ka> 

x*r—Mt. - 20 [A] -20 [A] "Cfe^o 



i dh = 0, i qh = 0t^tzt$<D. Si 3 [I^tl^ 
3lE§fi££ S 1 6, Si 7lC;F-r o Si 6 

ast, «3S»*fltf=»-r-6qtt«aa>jc»tttiPi 

[0 0 5 7] Si 7(i. Si 6 CD— S5£Jfc*Lf;:Stf& 

y s q w«aE»«ffiiz*}-r s» i cdhjscd^scd^e— ^ 
wwsiticcfe-6Mwe*t*^'ro a** a 

«a»*tt(z»^«qli«^<DJ6»«(D»Jffll«K^ 

[S]±Lri^o ±XLfcJ:3i::« m i a>nl£a>^ffi(D^E 

— *MWK»lCcfc*fflW-Cli. **5R«SK0)SE<b»A<l» 
oTiSi@Sm5S<t LT^t±3*H^fctolc % dffimSS. q 

[0058] msnmmoj&mo)*— zmm&m-emi* 

t>*lfcP— /*X • 37 -f 5 1 aOOftffiftfi. 
^«l»»2 0>ft£ttt*Ll^HS0!)ffl[-eft*. CCDB#^ 

=E— ^Ma>ffita(*aJSlCj;or^bL, -<>^^>X 

f*^— 4««aic«fcorsE<b"r«<k5i=, ^— ^mcd«h 

[ 0 O 5 9 ] S 1 2 I*. □— ■ ' 7 4 )\,$ 5 1 a C&Bt 

^□^^s-cfe^o b#^»^— ^;u5 41*. dqmatm 

^fil i d*. i q*(ZJS£TD— /^X - 37^;U^ 5 1 a A(0 

d*, i q*(tP-/U ■ :7-r JU£ 5 1 a A<DB#^gfti:a>il 

^5 1 aAfi. B^Sfc^r-^US 4 fz«fc y f> tl*B# 

i. i CU i ^3S^Sl5 2. 5 3lC-t;h.-P*tfflA-r* 0 
[0 0 6 0] m5CDHJ£CD^®(7>^— *lBJ»a6«rcck*L 

*, i q*ICJtCTn— /^X • 5 1 a A(0B#^S[ 

^tS^-r^wirfc^y. S&fciE«f::»n»Sa*«tt 

[oo6i] K^a^f— ^;U5 4(Zt&$A$^^D 
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[0062] im 6 (DHiS<7)^> m 5 CDHifra Jfcggtf) 
<hg£&;iTmJ$LTl^ e §T6(7>giS£tf>ff^<Z>^— £ 
#»AT*fiR$*i*. *fc. BJiS&m3fr&£iiSP5 OBIz 10 

mSSJi^fil i U*. i V*^A*-T -Steele. dq/3M 
[0 0 6 3] 01 91*. ftH»*aRttttffi5 0B<DttJS 

i u*. i v*l£. p— /*x • :7-<;u£ 5 

1 a B|zA*l£*L£o A^^^fcmatJg^fit i u*. i v* 
its P— /*X ■ :7>f JU£ 5 1 a B-C^-f^U^fllS^Jfi^ 

& 5 2 li. u fSUSS iu^bu 4S W3KJ££?iHtt i u_ i 20 

. 5 3 1±. vfitaiv^bv ««S!«S«^S8 

fit i v_ i £Xi:t* v *BS3fE0)JBiaKjS» i v_h£#tf> 
<£„ *AfcStB»fiR» i uji, i v_hfi^tL^3ffl/d 

[oo6 4] &tzs msnnm&f&mtmmz^ n—/< 

X • y<<J\,* 5 1 a BO^a^pT^^^r^Cirt-C^ 
£<> i2 Ol*. P— /*X • 37^ 5 1 a B<DB#^&£ 

vmx-ibZo Btsa-x— 3f;u5 4cici*. uffimatjg^ 30 

fit i u*. v tangtfg^fit i v+fefctj^-^p— y*x • -7>r 

JU* 5 1 a C(DB#Sa*<ttffl*+trt^-5o P— /*X • 37 
(D^tfccbteBua— /*X • ^-f 5 T a A0)^S$ 

W51a C©»3E»*. mSEJi^fl i U*. i V*Xltt 
[0 0 6 5] SSecDSHSCDJBIBCD*— *«J»3gBICcfc*i 40 
[0 0 6 6] «Sg 7 <7>Ht£a>flSS§» i2 1 £57(7)11 

S3S«ffias5 0Dta*»ifc«fi£$tL*o *fc. igia 

sR»3tt«ttJ»5 O D [cmsSJi^fil i or*, i 0*£A;fc-r 
ZtzfrlZ^ d q/a0R»«5 6£«*.Tl** o 
[OO67]022(i. ^ia;Km2S«ai§i5 5ODC0«^ 50 



£*ifcS3KJi^ffi i a*, i j8*fd\ p— /*x • :?-<;u£ 
5 1 a DIzA^^^x^o A*$tLfc®5iEtg^fit i a*, 

i 0*1*. P— /*X • Z>* J\,$ 5 1a D"e^^;U^5Jl^ 

*<16**LT«aU6«^»lffi i c*_ i . i >e_ i *<*«>6*t 
fit i a_ i SMCT, afttS3£0)B!a*fiE» i ar_h£5fc 

^+LQr^S/dhqh^aJ3 5\zthJ3£tiZ> 0 

[O O 6 8] P— /*X • 5 1a D0)B#^gfc£nT 

f^«"Cfc*o 0 2 3(d\ P~/U-7^^$5 1 aD0 
B#5£&£nT££ LfcnBiK«3!Etttt3flS5 O E0>ifiJ££^ 
-T^P^^@7?fe^ 0 B#£&^— ^;U5 4 ElZ(£. or$fi 

msSft^fii i a*, p $&m%tmism \ )s*ic^/£-r^,p— 

-/\°x ■ ^^;u^ 5 i a Ea)B#^a^pT^<t-r^s&m 

fi. 15, fg6(DHJS<7>^-eP— /^X • ;b^r 5 1 

[0 0 6 9] WS7<bMM<D1tm<D=E— **J»»«rzfit\ 
tt, 15, «6<D*lfc<D»l8a>^— ^*JfflSB^:lH|*i 

[ o o 7 o ] cm 8 (DHSfio)^ffi> m 8 (Dmt&o>mm<o 
m 8 o>mm<Dj&m<D=E—$ Mm^mcomf&^m 2 4 

■To BBa«3SE«fflW5 ott. ft 1 a>Xffio>^ffia>]Kfl 

» m ss^ tb sp 5 o t n 1: 1 0 ^ ffl 1 ^ ^> c <b ^ -e ^ 
x, -t^1«^i*0i o. 1 MZTF-fijoytuZo WLtz. 

p— /*X • ^< 5 1 atDB#S!££pT^<h Lfcir^O) 

^B;^m55fiiaiaj5 0(DmjS(i. 01 2ir^-rtcD<h:^ 

5 ~» 7 (DUificD^sa)^— ^ ©jiaisa <b f^^O^S ^ 

[00 7 1] >Sfc\ mSOHJfiCD^glO^— 

■eii. mscDHJScD^ScD^E— ^ *J{aiSSa)iBB;«»J® 
^^<b-r^>C<l: tT?^^L. ft7<DHj5£a)^®<Z> : E— ^ 

ocD^aco^B^iS^^fe^-r^c^^T^^^ 30 

C<7)i§^. «3ft»fti:<i:*S[Barit»<Da/£ltJ:aLfc 
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[00 7 2] **B8(4. JiaLfc*l£<D^ffil3K£$*i 
ft<. HB*-d^«W i E--*l=BJB-r*C4:*,-c* 

-So 

[0I0®**ISBJ] 10 

[0 1 ] m 1 oo*«o)»ffla>^— *»j«as«a>«iat» 

-r0-t?&& o 

[S3] & 3 (Dg|ffi<Dfl*ffiCC^E— *MffttB<DttB£» 

[H4] ft4a>Xtto)»sa>%— «rM»sso>ffia«» 

[05] tt*o>%— ^BBBi^UBttLfe'E— *o> 
•atajBS^^HT?**. 20 
[0 6] K^<Dmm<Dmmz&lJKnLtz s E—*a>m3l 

[07] I PM^tDP-^-iJSS^tH-efti.'" 
[08] S PM^E-^^D-^-MJ^titfe-So 

[0 9] «5a>fttKa>»sa)%— 5t«i»saa)«iA$» 
-*-0-efc3 o 

[01 O] WSCDSJfiO^ttO)^— 4HSJ»»*Cj3(t* 

[011] BSSEJCS^aSPI-P— • :?-r;u**JHi* 
[012] Ax • :?-<;u2(DB#SSa£nj^<t Lfc£ 

[013] d q$fta>m35Jt^fii^^-r0-cfc^o 
[014] 01 3ic^-rassj&^flticMLr. mion 

&H5S£^-r0-efc£o 

[01 5] 01 3 IC^-rm^m^fKc^ LT . 

Ba>»Ba«— *«i»BBi=«fc y«ta*4x4 qW<D»ra 
aasn**t"H"e&4 0 40 

[01 6] 01 3lC^t"«B»*ffil::»L"T\ d q$S(D 

BBJSSB £ TFf 0 "C & £ o 

[01 7] 01 6CD— gP^ffi^:L/c0-Cfe-S o . 
[018] & 6 <DHJ6(&ff£fi&<D^E— *MM£aa>ttB« 

0"Cfe4o 

[01 9] m6tf>SiiS(Z>ff£®(0^E— >tMW»ai333it-5 

[02 0] ■ :7^;U*(7>B#^S£i5J^£ Lfc£ 



[02 1] »7<DS81fia)^ffi(D^— ^«IW«aa)fllfiE* 
[02 2] «7<D*«S0)«IBa)^— **J»»aiCj3C+€> 
[02 3] P — Ax ■ :7^u*<&&$5£»£pj^<t Lfct 

.*(db 7 o>sit&a>^ffi(OBn£a3Kttfcbffia)«A$^-r 

:fp-/^0-efc& o 

[024] is a>njfi<D^S8<7>^— * sijffljga<D«nes 
^-T0-efc^o 

[025] ««a>%--»iifPtiBa>«Mt«*-ra-eft 

So 

[#-^a>lft0Jj] 

1 h;u^fr]$pgfl 

2 S*BBBftMiff 

3 dq/3ffiXM 

4 m*^^sp 

5 <iffl3ff;H^§p 
6. 7 SSS-tr 

8 3tt/dqJHft» 

9 /W Ax • :7«r — 

10 dq/dhqhKttffi 

1 OA d q/dh1 qhlXIMB 
10B dq/dh2q h2^&gfl 
1 i KnX«9S«J»ffi 

1 2 dhqh/d q^&Sfl 

1 2 A dh1 qh1/d q^SP 

1 2 B d h2 q h2/ d q ^l^SP 

13.14 

2 1 3 d h q h^&gfl 

2 2 dhqh/3«SMft« 

3 1 dq/0fiSSE»» 
3 2 0fiS/3ffi*»» 
3 3 3«/aiSK»«P 

34 0fi8/dq«*» 

35 <*£/dhq h^^fiiJ 
3 6 dhqh/c*£^&S5 

50, 50A, 50B % 50C, 50D, 50E BIS 

5 1 BBJS&^Bff 

51a, 5 1 a A. 51aB, 51aC, 5 1 a D, 5 

1 a E. P — AX • 37-r;U^ 

5 2. 53 M®§§ 

54. 54 C. 54E B*ffi»T— 

5 5 dq/3«gt»ffl 

56 dq/ar/SSSMrtS 

M 3fflX3S^E— * 

PS x>=i— $r— 
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[@5] 
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idh*=0^ 
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wow* 


vqh* 


(dhqh) 



(ii=-iu-lv) 
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10 5 ] 

[06] 
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9 eh 



M6] 



[12] 



[07] 



CB2] 



Te- 



1 



bit 





id\lq" 




»i\*q # 


dq/MB 


mm 




(dq) 




ft* 




idh.iqh 




ld.<Q 



21 9 


/ 


/ 


MB/dhqh 










HPF 



I 



lu,U 
(iw=-iu-lv) 



0ehs 



[Si O] 



[II 1] 
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7 J 




im 8 ] 



[Bio] 
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[S3] 



119] 



cot 



1 







mm* 

Cdq) 


*d\vq' 











31 wf |ge 



J 13,14 



Iq 



1 







dhah/ofl 


(dhqh) 


tqh* 





I 



Idtl. iqh' 




i«. if 



T 

34 



35 



W/dhqh 




HPF 








7 f (i»= 
33 |*« 



5 eh 




51aB [HI 9] 



500 



[04] 



[02 2] 



CH4) 



Te* 




ir. iq 









idhr*o 
iobi*«o 



iqh2'*0 




fl 

As 



mom 




dh1atil/dq 


(<Uiqh) 


tqhr 





T 



. idhljqhl 



5. 



dq/dhlqhl 




HPF 





ram 


»dh2' 


dhJqhi/dq 


(dhqh) 


voh? 


m 



— *m2 



2. 



Idh2. iqh? 



"P7 (li-ln-h) 



id. iq 



dehl 





5 1aD 
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SOD 
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[g]9] [Si 2] 




[E313] [B14] 
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t^l 6] 




200 



150 



100 



50 



CM 0 



-50 



-1 



ais 




02 



025 
dec] 



03 



IS 16] 



025 



0.4 



[SI 7] 



[i20] 



120 - 



100 



029 



0296 



03 0305 



031 




0315 




[C920] 



soc 



[i21] 



3i »t\?r 




^ 2 







vdtT 


dhqh/aB 


iQh*-0 


(dhqh) 




ft* 

-J I - 1 













Uh. Sqh" 



9 



K* ^ 



I 



SOO 

1 



5 a 




/ f 

33 |*e 



10, IV 
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81 



5ch 
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m i si 



[i23] 




I 















lu. It 



hi*Jv» 



(lw»-iu-U> 



l«2 



7 



[124] 




IdhlX) 
lqM*»0 



idhr«0 
tqhl # *0 



lu, It 
<l«»-lu-iO 





*dh2* 


dh2oh2/dq 


<dnqh> 


vqhr 


** 



I 



— *.*2 
vdZ'.ntf* 



50 



Idltf.iqhl 



dq/dhtqht 






ft* 
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[@2 5] 



cue 



mm 


id" 





















fd 
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<7Z)»li* 3fe- 



*%) 5H560 BB04 BB12 DA07 DB20 DC12 
RR01 XA02 XA13 
5H576 BB04 DD07 EE01 6G04 JJ17 
JJ25 LL07 LL22 
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